Seven stilbenes, a new cis-e-viniferin and the six known stilbenes, trans-resveratrol, trans-resveratrol-4?-O-b-D-glucopyranoside, trans-e-viniferin, gnetin H, and suŠruticosol A and B, were isolated and identiˆed from seeds of Paeonia lacti‰ora. The antioxidative activity of these stilbene derivatives was evaluated against the 2-deoxyribose degradation and rat liver microsomal lipid peroxidation induced by the hydroxyl radical generated via a Fenton-type reaction. Among these stilbenes, trans-e-viniferin and gnetin H signiˆcantly inhibited 2-deoxyribose degradation and lipid peroxidation in rat liver microsomes. In addition, cis-e-viniferin, and suŠruticosol A and B also exhibited moderate antioxidative activity. These results suggest that resveratrol dimers and trimers, together with resveratrol from seeds of Paeonia lacti‰ora may be useful as potential sources of natural antioxidants.
Antioxidants play an important role in the protection of cell membranes against damage caused by active oxygen radical-mediated lipid peroxidation which is reportedly associated with several pathological conditions, including cancer, in‰ammation, atherosclerosis, and aging. 1, 2) For this reason, an extensive search for novel antioxidants from plant sources has been undertaken.
Resveratrol (trans-3,4?,5-trihydroxystilbene), a naturally occurring phytoalexin and phytoestrogen found in a number of plant species including grapes, 3, 4) has been reported to have a variety of biological and pharmacological actions. 5, 6) Meanwhile, many resveratrol oligomers have been found in only seven plant families, i.e., Dipterocarpaceae, Vitaceae, Cyperaceae, Gnetaceae, Welwitschiaceae, Umbelliferae and Leguminosae, 7, 8) and their antimicrobial and various physiological activities have been reported. [9] [10] [11] However, despite numerous phytochemical studies on resveratrol and its oligomers from the plants have so far been performed, information on their antioxidative activity is still very limited.
Paeony plants, such as Paeoniae Radix (the root of Paeonia lacti‰ora Pallas) and Moutan Cortex (the root cortex of Paeonia suŠruticosa Andrews), have long been used in traditional Chinese medicine as a treatment for dementia and blood stagnation syndrome. 12) In contrast, these plant seeds are not currently employed as important crude drugs. Recent studies have demonstrated the antioxidative, 13) antiin‰ammatory, 13, 14) antitumor 15) and ecdysteroid antagonist 16) activity of the methanolic extract from paeony seeds and have isolated resveratrol, its oligomers, and ‰avonoids as major principles for their activity. Thus, paeony seeds have been receiving considerable attention as a potential crude drug source of stilbenes. However, a systematic investigation on the antioxidative constituents from paeony seeds is lacking. In this study, seven stilbene derivatives from Paeonia lacti‰ora seeds were examined for their antioxidative activity against 2-deoxyribose degradation and rat liver microsomal lipid peroxidation induced by the hydroxyl radical generated via the Fenton reaction.
Materials and reagents. The seeds of Paeonia lacti‰ora Pall. were directly harvested in the middle of August from the herb garden of Medicinal Plant Experiment Station, Uisong, Gyeongbuk, Korea. Thiobarbituric acid (TBA), H2O2, 2-deoxyribose, bovine serum albumin (BSA), and quercetin were obtained from Sigma Chemical Co. (St. Louis, MO, U.S.A.). a-Tocopherol and FeSO4 ・7H 2 O were purchased from Wako Pure Chemical Industries (Osaka, Japan). All other reagents used in this study were of analytical grade.
Isolation and identiˆcation of resveratrol and its derivatives. The six stilbenes were isolated from seeds of Paeonia lacti‰ora as described previously.
15)
A methanolic extract (37.5 g) from the ground seeds (300 g) was defatted with n-hexane and then successively partitioned with ether, ethyl acetate, and n-butanol. The ether-soluble fraction (7.88 g) was continuosly chromatographed in columns of silica gel (70-230 mesh, Merck, Damstadt, Germany) and Sephadex LH-20 (Pharmacia Biotech, Uppsala, Sweden) to separate trans-resveratrol (0.18 g, 59 mgz), trans-e-viniferin (97 mg, 32 mgz), a mixture of oligostilbenes (0.46 g), suŠruticosol A (1.65 g, 0.55z) and suŠruticosol B (3.43 g, 1.14z). The mixture was further puriˆed by repeated preparative HPLC [Waters Delta Prep 4000, U.S.A.; mobile phase, 0.1z tri‰uoroacetic acid in 60z aqueous MeOH; column, Waters RCM Prep Nova-Pak HR C18, 250 mm×100 mm (i.d.); particle size, 10 mm; UV detector, 280 nm; ‰ow rate, 5 ml W min] to isolate cis-e-viniferin (34 mg, 11 mgz; ret. time, 19.5 min) and gnetin H (0.32 g, 0.11z; ret. time, 22.4 min). Meanwhile, the ethyl acetate-souble fraction (0.94 g) was also chromatographed in the Sephadex LH-20 column with MeOH to give trans-resveratrol-4?-O-b-D-glucopyranoside (0.20 g, 0.07z, resveratroloside), which wasˆrst isolated from paeony plants. The structures of the six stilbenes have already been identiˆed in the previous report 15) and, in the case of resveratroloside, by comparing their UV, IR, MS, 1 H-NMR and 13 C-NMR data with those reported in the literature. 4, 17) The chemical structures of resveratrol and its derivatives are shown in Fig. 1. 2-Deoxyribose degradation assay. The procedure of Halliwell et al., 18) was followed with a slight modiˆcation. The reagents added to the glass tube were in the order. 0.1 mM Fe +2 W EDTA (0.2 ml), 10 mM 2-deoxyribose (0.2 ml), the test solution (0.02 ml, various concentrations), a 0.1 M potassium phosphate buŠer (1.38 ml, pH 7.4), and 30z H 2 O 2 (0.2 ml). Each reaction mixture was incubated at 379 C for 4 hr in a shaking water bath, and the peroxidation products were then determined by the thiobarbituric acid (TBA) method. 19) Lipid peroxidation assay. Lipid peroxidation was induced in rat liver microsomes by H2O2-FeSO4. 20) The microsomes were prepared by diŠerential centrifugation from the livers of male Sprague-Dawley rats weighing 300±20 g. 21) Microsomal pellets were suspended in a 50 mM phosphate buŠer (pH 7.4), aliquots of this microsomal suspension being stored at "709 C and thawed before use. Protein was determined by the method of Lowry et al., 22) using BSA as a standard. Theˆnal protein concentration of each microsomal suspension was adjusted to 10 mg of protein W ml. A mixture of the microsomal suspension (0.5 ml, 2 mg of protein W ml), 0.5z H2O2 (0.3 ml), a 10 mM FeSO4 solution (0.3 ml) and the sample solution (0.1 ml,ˆnal concentration of 0.1-10.0 mM) was incubated at 379 C for 30 min, and the degree of peroxidation was measured by the TBA method. All experiments were performed in triplicate. A curve of the concentration against plotted the percentage inhibition was used to calculate the half-maximal inhibition concentration (IC50). A statistical analysis was performed by using Duncan's multiple-range test 23) at Pº0.05.
Antioxidative activity of the seven stilbenes
We have previously found that the methanolic crude extract from the seeds of P. lacti‰ora concentration-dependently inhibited hydroxyl radical damage to deoxyribose with an IC50 value of 1.47 mg W ml. The ability of each of the seven isolated stilbenes to scavenge the hydroxyl radical was thus determined in the deoxyribose degradation and microsomal lipid peroxidation caused by the hydroxyl radical generated via the Fenton reaction. As shown in Table 1 , all stilbenes signiˆcantly inhibited 2-deoxyribose degradation in a dose-dependent fashion. In particular, the resveratrol dimers, trans-e-viniferin and cis-e-viniferin, and the resveratrol trimer, gnetin H, each showed signiˆcant inhibitory activity, with respective IC50 values of 0.17, 0.43 and 0.20 mM, the activity of each being stronger than that of quercetin, a well-known hydroxyl radical scavenger, 24) with an IC50 value of 3.77 mM (Pº0.05). All the stilbenes also concentration-dependently inhibited the hydroxyl radical-mediated lipid peroxidation of rat liver microsomes. Among them, trans-e-viniferin and gnetin H had the most potent inhibitory activity with IC50 values of 0.41 and 0.45 mM, respectively, their activity being stronger than that of a-tocopherol, a reference antioxidant, with an IC 50 value of 0.96 mM (Pº0.05). Moreover, the resveratrol dimer, cis-e-viniferin, and resveratrol trimers, suŠruticosol A and B, also exhibited signiˆcant antioxidative activity with IC50 values ranging from 0.66 to 1.08 mM, comparable to that of a-tocopherol (Pº0.05). Additionally, trans-resveratrol showed moderate antioxidative activity with an IC50 value of 2.58 mM, whereas the resveratrol glucoside had less activity with an IC50 value of 52.08 mM, suggesting that the glycosylation of resveratrol decreased the antioxidative activity due to low a‹ni-ty to biological lipid membranes. 25) In this series of stilbene derivatives, some conclusions on the structure-activity relationship can be drawn. Theˆrst is that there was no signiˆcant diŠerence in the hydroxyl radical-scavenging activity between trans-e-viniferin and cis-e-viniferin, suŠruticosol A and suŠruticosol B (Pº0.05). These facts support earlier reports that both isomers, transresveratrol and cis-resveratrol, were equally e‹cient in scavenging free radicals. 5, 6, 26) In addition, the antioxidative activity of the resveratrol trimers, gnetin H, and suŠruticosol A and B, with two resveratrol nuclei was higher than that of resveratrol, conˆrming previous observations that the presence of a 4?-hydroxy unit in ring B and the meta-hydroxy structure in ring A were essential for the antioxidative activity of stilbenes. 5, 27) Meanwhile, trans-viniferin and gnetin H having a resveratrol moiety and transoleˆnic group had relatively lower IC50 values than those of the other stilbenes. These results suggest that the spacial position of the hydroxyl and oleˆnic groups may play an important role in the antioxidative activities of the stilbene derivatives. This report has demonstrated for theˆrst time that resveratrol dimers and trimers could function as a hydroxyl radical scavenger, although resveratrol has already been known to act as a radical scavenger against reactive oxygen species. [28] [29] [30] Further study is needed to investigate the mechanism for the antioxidative activity of the seven stilbenes in vivo.
